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doi:10.1016/j.jds.2012.05.004Abstract Background/purpose: The aim of this study was to identify salivary changes during
orthodontic treatment with follow-up for 30 months.
Materials and methods: In 25 patients salivary markers (unstimulated and stimulated saliva,
buffer capacity, and pH) were evaluated. The decayed, missing, and filled surfaces (DMFS)
index, plaque index (O’Leary), and a questionnaire were employed to evaluate patient’s
hygiene and dietary habits. Data were analyzed by a paired t test, a MANOVA model with
repeated-measures analysis, a multiple-regression analysis, and a Spearman correlation test.
Results: During treatment, the DMFS index increased significantly (PZ 0.007), the plaque index
decreased by 28.4%, and the unstimulated salivary flow showed differences (PZ 0.009). Stimu-
lated saliva flow increased in females after placement of the appliance; the buffer capacity
diminished inmales during therapy, and salivary pH remained at basal values. Statistically signif-
icant associations were revealed by themultiple-regression analysis and Spearman test; the sali-
vary factors of the unstimulated salivary flow rate, buffer capacity, and pHwere associated with
the final DMFS index (P< 0.0001); the frequency of eating food between meals was associated
with the DMFS index (rZ 0.4918; PZ 0.0125), and the frequency of changing the toothbrush
was associated with the DMFS index (rZ0.4299; PZ 0.0320).
Conclusion: The multiple caries-related factors examined in this study changed during ortho-
dontic treatment, but many of these stayed within normal values. Saliva is an importantOdontologı´a de la UAEM, Centro de Investigacio´n y Estudios Avanzados en Odontologı´a, Paseo Toll-
sidad, C.P. 50130, Toluca, Estado de Me´xico, Me´xico.
ail.com (E. Lara-Carrillo).
iation for Dental Sciences of the Republic of China. Published by Elsevier Taiwan LLC. All rights reserved.
Factors in developing caries during orthodontic treatment 219protector of oral mucosal tissues and teeth, and its constant role is supported even in adverse
conditions, such as the presence of orthodontic appliances in the mouth.
Copyrightª 2012, Association for Dental Sciences of the Republic of China. Published by Elsevier
Taiwan LLC. All rights reserved.Introduction
For many years, the presence of clinically detectable areas
of enamel demineralization following the removal of
orthodontic appliances has been recognized.1,2 These areas
appear most frequently on the cervical and middle third of
buccal surfaces of the maxillary lateral incisors, mandible
canines, and first premolars. The prevalence of new enamel
lesions in orthodontic patients treated with fixed appli-
ances and using fluoride toothpaste was reported to be
13e75%.1
The knowledge of caries-related factors in patients
before, during, and after orthodontic treatment helps
determine caries risk levels and develop appropriate indi-
vidual preventive measures.3
One of these factors is the saliva, which has important
roles in oral health by providing immunological protection
and as a reservoir of ions, which aid remineralization of
calcified tissues.4
Salivary conditions associated with caries risk are the
salivary flow rate and buffer capacity. A high salivary buffer
capacity is maintained by a high salivary pH.5
Salivary conditions are associated with placement of
orthodontic appliances. One study reported that there
were significant increases in the salivary flow rate and
buffer capacity 3 months after placement of an appliance.6
Actually, no clinical studies exist on patients undergoing
orthodontic therapy that show the physiologic andFigure 1 Sampbiological characteristics of saliva; therefore, the aim of
this study was to identify longitudinal changes in saliva
properties during orthodontic treatment.Materials and methods
Participants
Twenty-five patients, 10 males and 15 females (with a mean
age of 15.3  3.1 years) with permanent dentition who
required treatment with fixed orthodontic appliances
(straight wire technique) from the Orthodontic Clinic at the
Research Center and Advanced Studies in Dentistry of the
Autonomous University of the State of Mexico (UAEM)
participated. Patients with any systemic disease, using
antibiotics within 15 days of enrolling in the study, with
active caries, or in the mixed-dentition phase were
excluded.
Not all patients began their orthodontic treatment at
the same time; so during 30 months, samples were taken
from the same patients over six different stages of ortho-
dontic treatment, according to Fig. 1.
Patients were asked to avoid eating, drinking, and
brushing their teeth for 2 hours before sample processing.
The Ethics Committee of the university approved this
research. All patients or their guardians consented to
participation after obtaining information about the study.ling scheme.
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The decayed, missing, and filled surfaces (DMFS) index
was recorded according to the criteria of the World
Health Organization7 for permanent dentition, but only
at the beginning, in the fourth stage, and at the end of
the study.
Plaque index
The O’Leary plaque index8 was determined by providing
each patient with a developing tablet (Viarden, Viarden,
Mexico City, Mexico), and calculating the percentage of
colored dental faces and the present teeth at the begin-
ning, in the fourth stage, and at the end of the study.
Saliva sampling
Unstimulated saliva was measured as the formation time (in
seconds) of small saliva drops on the inner mucous of the
lower lip (Saliva Check, GC America, Alsip, IL, USA). Stim-
ulated saliva was the total stimulated saliva obtained
during 5 minutes by chewing an unflavored piece of wax;
the result was expressed in mL/minute.
The buffer capacity was determined by placing one drop
of stimulated saliva with a pipette onto each of three test
pads in the reactive strip of a Saliva Check test. After 2
minutes, the final result was calculated by summing the
points according to the final color of each pad: very low at
0e5 points; low at 6e9 points; and normal/high at 10e12
points.
To determine the salivary pH, the reactive strip of the
Saliva Check was submerged in stimulated saliva for 10
seconds, the color obtained was compared with a chart:
highly acidic at pH 5.0e5.8; moderately acidic at pH
6.0e6.6; and healthy saliva at pH 6.8e7.8.
Two certified researchers performed all procedures, and
the commercial kit was used according to the manufac-
turer’s instructions; this method to assess salivary proper-
ties has been shown to be valid.9e12
Habits questionnaire
Patients were asked to fill out a questionnaire stating their
identification data and hygiene and dietary habits, before
treatment, in the fourth stage, and at the end of the study.
This questionnaire included a series of questions regarding
daily brushing and eating habits, focusing on behavioral risk
factors for dental disease. The questions were as follows:
(1) when do you brush your teeth?; (2) how many times do
you brush your teeth per day?; (3) do you use a dental
auxiliary for cleaning your mouth?; (4) how often do you
change your toothbrush?; (5) do you eat between meals?;
and (6) how many times per day do you eat food between
meals?
Recommendations to avoid sticky, cariogenic, and hard
foods during orthodontic treatment were provided verbally.
We recommended that patients brush their teeth three
times per day using the Bass modified technique with
fluoridated toothpaste after placement of an appliance.Statistical analyses
To repeatedly analyze sample stability between and within
participants across time (longitudinal data), we used
a multivariate analysis of variance (MANOVA) model with
a repeated-measures analysis. A paired t test was applied
between salivary variables and gender. To associate the
final DMFS with each group of clinical and salivary variables,
we performed a multiple-regression analysis. A Spearman
correlation test was used to measure the association
between the variables and the questionnaire responses.
The information was analyzed using JMP 8.0 (SAS Institute,
Cary, NC, USA). The level of statistical significance was set
to 0.05.Results
In Tables 1 and 2, we show distributions of the DMFS index,
O’Leary index, and salivary markers during the follow-up
study. The initial mean of the DMFS index was 3.9 (3.5 for
females and 4.5 for males; PZ 0.650), and it had slightly
increased in the fourth stage to 4.0 (3.6 for females and 4.6
for males, PZ 0.667). In the last stage, the index was 4.6
(4.3 for females and 5.0 for males, PZ 0.762); we observed
differences between these steps (PZ 0.007).
The initial plaque index was 47%. The average plaque
index at follow-up had decreased by 28.4% (Table 1). The
difference between the initial and final plaque indices in
our total study population was significant (P< 0.001). In the
final stage, we observed that the plaque index of males
decreased by more than that of females (27.7% vs. 12.5%;
Table 2).
Using a repeated-measure analysis between the six
unstimulated saliva stages, we observed significant differ-
ences between all samples (PZ 0.009), indicating a dimi-
nution of unstimulated saliva flow until the sixth stage. On
the basis of gender, we found that means differed in the
second stage (males 34.2 vs. females 54.5; PZ 0.020).
The stimulated salivary flow rates were stable in the
follow-up study (PZ 0.414). Significant differences
between genders were observed only in the initial stage
(males 1.8 vs. females 1.0; PZ 0.001). The placement of an
orthodontic appliance promoted a greater increase in the
stimulated salivary flow in females than in males (Table 1).
The saliva buffering evaluation did not demonstrate
significant differences during treatment (PZ 0.163),
although in the first stage, there were differences between
genders (males 9.4 vs. females 6.9; PZ 0.038). The saliva
buffer capacity in males decreased during treatment,
whereas it increased in females after placement of an
appliance and then later diminished (Table 2).
Salivary pH showed slight variations throughout the
study. No significant differences were observed for the
various stages of orthodontic treatment (PZ 0.122).
Table 3 shows those statistically significant associations
revealed by the multiple-regression analysis. The salivary
factors of the unstimulated salivary flow rate, buffer
capacity, and pH were associated with the final DMFS index
(P< 0.0001).
We compared the questionnaire responses with the
experimental results (Table 4), and several relationships
Table 1 Mean (standard deviation) of clinical and salivary markers (nZ 25).
Markers Stages of orthodontic treatment Pa
1st 2nd 3rd 4th 5th 6th
DMFSb 3.9 (5.4) d d 4.0 (5.5) d 4.6 (5.8) 0.007*
O’Leary Indexb 47.0 (24.1) 41.4 (16.2) 28.4 (10.3) 0.000*
Unstimulated saliva flow (s) 38.8 (19.6) 46.4 (16.7) 53.9 (20.3) 54.6 (21.2) 60.0 (20.6) 55.3 (21.8) 0.009*
Stimulated saliva flow (mL/min) 1.3 (0.7) 1.5 (0.7) 1.4 (0.6) 1.4 (0.6) 1.4 (0.5) 1.4 (0.7) 0.414
Buffer capacity 7.9 (3.0) 8.2 (2.0) 7.5 (1.9) 7.2 (2.1) 6.6 (2.5) 6.9 (2.5) 0.163
Salivary pH 7.6 (0.4) 7.7 (0.1) 7.7 (0.1) 7.7 (0.3) 7.7 (0.3) 7.7 (0.2) 0.122
*P< 0.05.
a P value was based on repeated-measures MANOVA for salivary markers.
b Clinical markers DMFS (decayed, missing, and filled surfaces) and O’Leary’s plaque index were only measured in the first, fourth and
sixth stages.
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meals with the DMFS index (rZ 0.4918; PZ 0.0125); the
frequency of brushing the teeth per day with gender, it was
more frequent in females (rZ0.5058; PZ 0.0099); and
the frequency of changing the toothbrush with the DMFS
index (rZe0.4299; PZ 0.0320).
The frequency of eating foods between meals was
registered on three occasions, in stages 1, 4, and 6, which
were significantly associated: stage 1 versus stage 4Table 2 Distribution by gender of clinical and salivary markers
Markers Stages of orthod
1st 2nd 3rd
DMFSc
Males 4.5 (5.5) d d
Females 3.5 (5.5) d d
Pd 0.650
O’Leary Index
Males 56.7 (28.3) d d
Females 40.5 (19.4) d d
Pd 0.102
Unstimulated saliva flow (s)
Males 33.9 (18.7) 34.2 (13.1) 44.6 (15.8)
Females 42.1 (20.0) 54.5 (13.8) 60.1 (21.1)
Pd 0.312 0.001* 0.061
Stimulated saliva flow (mL/min)
Males 1.8 (0.7) 1.7 (0.8) 1.5 (0.6)
Females 1.0 (0.5) 1.4 (0.5) 1.3 (0.6)
Pd 0.001* 0.148 0.436
Buffer capacity
Males 9.4 (2.3) 8.9 (2.5) 8.2 (1.6)
Females 6.9 (3.0) 7.8 (1.5) 7.0 (1.9)
Pd 0.038* 0.180 0.119
Salivary pH
Males 7.7 (0.2) 7.8 (0.1) 7.8 (0.1)
Females 7.5 (0.4) 7.7 (0.1) 7.7 (0.2)
Pd 0.243 0.314 0.490
*P< 0.05.
a Standard deviation in parentheses.
b P value based on nominal logistic analysis by genders.
c DMFS (decayed, missing, and filled surfaces) only were measured
d P value between genders, in each stage, based on paired t test.(rZ 0.457, PZ 0.022) and stage 1 versus stage 6
(rZ 0.615, PZ 0.00). The variables associated with habits
such as the frequency of changing the toothbrush, the use
of dental auxiliaries, and eating between meals were
constants (rZ 0.8093, PZ 0.0001; rZ 0.524, PZ 0.007;
and rZ 0.429, PZ 0.032), respectively. Gender was asso-
ciated at the beginning of the study with the stimulated
saliva flow (rZe0.608; PZ 0.0001) and with the buffer
capacity (rZe0.412; PZ 0.040) (data not shown).in the follow-up study (nZ 25).a
ontic treatment Pb
4th 5th 6th
0.746
4.6 (5.6) d 5.0 (5.7)
3.6 (5.7) d 4.3 (6.0)
0.667 0.762
0.303
46.0 (17.7) d 29.0 (8.7)
38.2 (14.9) d 28.0 (11.4)
0.246 0.815
0.020*
49.4 (20.1) 51.5 (11.8) 49.7 (22.9)
58.0 (21.5) 65.7 (23.4) 59.1 (21.0)
0.332 0.090 0.303
0.018*
1.5 (0.5) 1.5 (0.5) 1.5 (0.8)
1.3 (0.6) 1.3 (0.5) 1.3 (0.6)
0.568 0.329 0.578
0.281
7.9 (1.8) 7.5 (2.7) 7.6 (2.0)
6.7 (2.2) 5.9 (2.1) 6.5 (2.7)
0.153 0.125 0.297
0.978
7.8 (0.1) 7.8 (0.1) 7.8 (0.1)
7.6 (0.3) 7.6 (0.3) 7.6 (0.2)
0.070 0.175 0.091
in the first, fourth and sixth stages.
Table 3 Multiple regression analysis between percentage
of plaque, salivary variables and DMFS.
Sourcea Npar DF Sum of
squares
F ratio Prob > F
Dental plaque
1st stage 1 1 1.52 0.07 0.79
4th stage 1 1 1.19 0.06 0.81
6th stage 1 1 118.44 5.80 0.04*
Unstimulated saliva flow (s)
1st stage 1 1 246.57 12.06 0.01*
2nd stage 1 1 128.42 6.28 0.05*
3rd stage 1 1 129.31 6.33 0.05*
4th stage 1 1 42.19 2.06 0.20
5th stage 1 1 169.47 8.29 0.03*
6th stage 1 1 214.32 10.48 0.02*
Stimulated saliva flow (mL/min)
1st stage 1 1 45.83 2.24 0.17
2nd stage 1 1 5.18 0.25 0.63
3rd stage 1 1 3.91 0.19 0.67
4th stage 1 1 6.00 0.29 0.60
5th stage 1 1 31.52 1.54 0.25
6th stage 1 1 98.00 4.80 0.06
Buffer capacity
1st stage 1 1 101.34 4.96 0.07
2nd stage 1 1 238.65 11.68 0.01*
3rd stage 1 1 79.25 3.88 0.10
4th stage 1 1 124.58 6.09 0.05*
5th stage 1 1 59.28 2.90 0.14
6th stage 1 1 117.15 5.73 0.05
Salivary pH
1st stage 1 1 339.31 16.62 0.00*
2nd stage 1 1 2.53 0.12 0.73
3rd stage 1 1 185.56 9.09 0.01*
4th stage 1 1 209.18 10.24 0.01*
5th stage 1 1 128.83 6.31 0.03*
6th stage 1 1 214.79 10.52 0.01*
* P< 0.05.
DFZ degrees of freedom and is the number of parameters
(except for the intercept) used to fit the model; F ratioZ the
model mean square divided by the error mean square. It tests
the hypothesis in all regression parameters; NparZ is the
number of parameters associated with the effect. Continuous
effects have one parameter; Prob > FZ is the observed
significance probability, often called the P value, for the MAN-
OVA test; sum of squaresZ column accounts for the variability
measured in the response. It is the sum of squares of the
differences between the fitted response and the actual
response.
a Source lists the names of the effects in the model.
Table 4 Correlations found between study markers and
hygienic-dietary habits questionnaire.a
Variable Per variable r Pb
Frequency
toothbrush/day 1
SSF (mL/min) 0.5983 0.0016
Eating between meals 1 US (s) 0.5907 0.0019
Frequency eat food 1 DMFS 0.4918 0.0125
Frequency
toothbrush/day 4
Gender 0.5058 0.0099
Frequency
toothbrush/day 4
US (s) 0.6442 0.0005
Change toothbrush 4 DMFS 0.4520 0.0233
Change toothbrush 6 DMFS 0.4299 0.0320
DMFSZ decayed, missing and filled dental surfaces;
rZ Spearman correlation coefficient; SSFZ stimulated saliva
flow; USZ unstimulated saliva flow in seconds (s).
a Data are presented with the stage orthodontic number
following the variable.
b P value was set at 0.05.
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In the present study, we determined changes in salivary
properties that occurred in the oral environment during
orthodontic treatment with a fixed appliance on the
permanent dentition. Actually, few clinical studies exist
that show the physiological and biological characteristics of
saliva of patients undergoing orthodontic therapy.
Saliva forms a seromucosal covering that lubricates and
protects oral tissues against irritating agents; it alsomodulates the adhesion of microorganisms to oral tissue
surfaces, which contributes to the control of bacterial and
fungal colonization.13 In our results, as orthodontic therapy
progressed after the placement of an orthodontic appli-
ance, unstimulated saliva production diminished with
statistically significant differences between genders, and
was most prominent in females.
On the other hand, saliva flow was stimulated by
placement of an orthodontic appliance, with differences
between genders, i.e., the appliance increased the stimu-
lated salivary rate in females during the study. As previ-
ously suggested in the literature,13e15 the stimulated saliva
flow was always higher in males than females.
Saliva behaves as a buffer system to protect the mouth
and prevent colonization by potentially pathogenic
microorganisms by denying them optimal environmental
conditions; saliva neutralizes and cleans the acids
produced by acidogenic microorganisms, preventing
enamel demineralization.13
According to Stookey,16 increasing the rate of saliva flow
increases the concentration of proteins, sodium, chloride,
and bicarbonate and decreases concentrations of magne-
sium and phosphorus. The increased concentration of
bicarbonate diffuses into the plaque, neutralizes plaque
acids, increases the pH of the plaque, and favors reminer-
alization of damaged enamel and dentin.
The saliva buffer capacity increased drastically after
placement of an orthodontic appliance but diminished
during treatment in females; this is consistent with findings
of Chang et al.6 However, in males, this salivary property
diminished with the orthodontic appliance and fluctuated
less. Similarly to a previous report,4 this situation probably
influenced why the DMFS index increased more in females
than in males, because women have higher risk factors than
men; differences were attributed principally to less saliva
production and hormonal patterns in women.17,18
A possible mechanism of the decreased saliva buffer
capacity could be the decreased unstimulated saliva flow;
Rooban et al10 noted that the carbonic acid/bicarbonate
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to saliva flow rates.
The findings of this study demonstrated that salivary pH
was the only property that maintained a healthy value
during the entire treatment period, supporting its constant
role even in adverse conditions.
During the study, the results presented here showed
significant differences in the increased DMFS index,
although this index generally only increased by 0.7 tooth
surfaces in 30 months; however, there were increased
retention sites for dental plaque.
A severe decrease in the unstimulated saliva flow rate
can cause dental caries, dry mouth, and inflammation of
mucous membranes in the oral cavity.18 At the same time,
as patients with large numbers of decayed and filled tooth
surfaces before orthodontic treatment have a significantly
large number of decayed and filled tooth surfaces after
debonding appliances, it is well known that this index is the
best marker to determine the previous experience of caries
risk.19,20 In our results, we observed an association between
the DMFS index and unstimulated saliva flow.
On the other hand, the O’Leary plaque index had
a significantly low percentage after a debonding appliance
was applied; the reason could be caused by better tooth
brushing habits. Relationships between salivary factors and
their protective functions were confirmed in each ortho-
dontic stage; and negative correlations were found for
salivary acidity with the DMFS index and frequency of
changing the toothbrush with the DMFS index.
In conclusion, the multiple caries-related factors exam-
ined in this study changed during orthodontic treatment,
but many still remained within normal values. Saliva is an
important protective factor of oral-mucosal tissues and
teeth, supporting its constant role even in adverse condi-
tions, such as the presence of an orthodontic appliance in
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